Objective. Patient education materials (PEM) should be written at a sixth-grade reading level or lower. We evaluated the availability and readability of online PEM related to regional anesthesia and compared the readability and content of online PEM produced by fellowship and nonfellowship institutions.
Methods. With IRB exemption, we constructed a cohort of online regional anesthesia PEM by searching Websites from North American academic medical centers supporting a regional anesthesiology and acute pain medicine fellowships and used a standardized Internet search engine protocol to identify additional nonfellowship Websites with regional anesthesia PEM based on relevant keywords. Readability metrics were calculated from PEM using the TextStat 0.1.4 textual analysis package for Python 2.7 and compared between institutions with and without a fellowship program. The presence of specific descriptive PEM elements related to regional anesthesia was also compared between groups.
Results. PEM from 17 fellowship and 15 nonfellowship institutions were included in analyses. The mean (SD) Flesch-Kincaid Grade Level for PEM from the fellowship group was 13.8 (2.9) vs 10.8 (2.0) for the nonfellowship group (p 5 0.002). We observed no other differences in readability metrics between fellowship and nonfellowship institutions. Fellowship-based PEM less commonly included descriptions of the following risks: local anesthetic systemic toxicity (p 5 0.033) and injury due to an insensate extremity (p 5 0.003).
Conclusions. Available online PEM related to regional anesthesia are well above the recommended reading level. Further, fellowship-based PEM posted are at a higher reading level than PEM posted by nonfellowship institutions and are more likely to omit certain risk descriptions.
Introduction
Over 80% of adults in the United States use the Internet, and 72% of them have searched online for health information in the past year [1] . According to the American Medical Association (AMA), patient education materials (PEM) should be written at or below the sixthgrade reading level to effectively convey often complex medical information in a way that patients can understand [2] . PEM may be used to assist patients in the informed consent process by explaining indications, risks, benefits, and alternatives of procedures [3] . Previous studies have shown correlations between lower literacy levels and poorer health outcomes [4, 5] , and this may be due to less effective knowledge translation. Specialists in regional anesthesiology and acute pain medicine provide a wide variety of effective interventional procedures for patients having surgery, and there are over 60 fellowship programs in this anesthesiology subspecialty listed on the American Society of Regional Anesthesia and Pain Medicine Website (https://www. asra.com/fellowship-directory). The provision of written online PEM to address frequently asked questions related to regional anesthesia raised by patients has been recommended [6] , While the readability of online PEM has been evaluated for labor analgesia [7] , the availability and quality of PEM related to regional anesthesia for perioperative pain management has not been previously explored.
We designed this study to evaluate currently available online PEM related to regional anesthesia for perioperative pain management and to compare the readability of PEM produced by fellowship and nonfellowship institutions, hypothesizing that fellowship programs will produce PEM of lower reading levels given their emphasis on subspecialty training.
Methods
With IRB exemption, we conducted this descriptive study from July through October 2015.
One investigator (GK) obtained a list of Websites of North American academic medical centers supporting regional anesthesiology and acute pain medicine (RAAPM) fellowships from the ASRA Website (https:// www.asra.com/fellowship-directory). Additional Websites with PEM were identified by all investigators using the Google search engine [8] with the following keywords and combinations: regional anesthesia, patient education, patient information, nerve block, surgery, for patients, and information. Given the purpose of the study to assess PEM freely accessible to all potential patients online, we did not contact medical centers or anesthesia practices for printed education materials. We included English-language PEM of greater than 10 sentences (to ensure a minimum level of detail rather than a simple gross description of regional anesthesia) from institutions or anesthesiology practices most likely to provide direct patient care. We excluded personal Websites and Websites from professional societies, health library articles, and public crowdsourced Websites. Videos were not evaluated or transcribed into written format. The remaining Web-based PEM were categorized into two groups based on whether the institution supported a fellowship program in RAAPM.
The PEM text from these Websites was inserted into a Microsoft Word document (Microsoft Corp., Redmond, WA) following methodology described previously [7] . Readability metrics were calculated from PEM using the TextStat 0.1.4 textual analysis package for Python 2.7. For each Website, PEM were checked for the presence or absence of the following items: description of regional anesthesia, explanation of how the procedures are performed, risks and benefits of the procedure, contraindications, alternative analgesic modalities, and expectations regarding follow-up and postoperative care. Items describing specific risks and adverse effects that were assessed included: bleeding, infection, block failure (not providing the expected level of anesthesia and/or analgesia), drug toxicity, nerve damage, and collateral injury related to having an insensate extremity (e.g., falls, burns).
Outcomes. The primary outcome was the FleschKincaid Grade Level (FKGL), which is proportional to the mean number of words per sentence and mean number of syllables per word [9] . As secondary outcomes, we compared groups on sentence count and other readability metrics: the Flesch Reading Ease formula, Gunning Frequency of Gobbledygook (FOG) index [7] , the Simple Measure of Gobbledygook (SMOG) grade [10] , and Dale-Chall Readability score [11] . We also compared fellowship-based and nonfellowship PEM on the presence or absence of specific content-related items.
The Gunning FOG index estimates the years of formal education required to comprehend the written text after one reading; Gunning FOG index ¼ 0.4 Â (average number of words per sentence þ 100 [number of difficult words/total number of words]) [7] . The SMOG grade also estimates the approximate grade level achievement required to understand a piece of writing; SMOG grade ¼ 1.043 Â square root of (total number of difficult words Â [30/total number of sentences] þ 3.1291) [10] . The Dale-Chall Readability raw score ¼ 0.1579 Â ([number of difficult words/total number of words] Â 100) þ 0.0496 Â (total number of words/total number of sentences) [11] . The Dale-Chall score is interpreted as follows: 4.9 can be understood by a student in the fourth grade or lower; 5.0-5.9 can be understood by a student in the fifth or sixth grade; 6.0-6.9 can be understood by a student in the seventh or eighth grade; 7.0-7.9 can be understood by a student in the ninth or tenth grade; 8.0-8.9 can be understood by a student in the eleventh or twelfth grade; and ! 9.0 can be understood by a college student [11] .
Statistical Analysis. Statistical analysis was performed using NCSS Statistical Software (NCSS, LLC, Kaysville, UT, USA). Normality of distribution was determined for all scale variables using the Kolmogorov-Smirnov test. For normally distributed data, single comparisons were performed using the Student's t test; for continuous data in non-normal distributions, the Mann-Whitney U test was used. The chi-square test or Fisher's exact test (n < 5 in any field) was used for comparisons of categorical data. For all comparisons, P < 0.05 was considered statistically significant.
Results
There were 65 institutions listed as having an RAAPM fellowship on the ASRA Website; 45 of these were excluded for not having a dedicated Website or online written content dedicated to regional anesthesia PEM. Of these 20 fellowship-based Websites with regional anesthesia PEM, 3 did not have the minimum 10 lines of text and were excluded, which left 17 fellowship-based online PEM for analysis (Table 1) . For the nonfellowship online PEM, the structured Google search yielded 21 independent Websites that did not overlap with the fellowship group; 4 were excluded due to not being from an institution or practice providing patient care, and 2 were excluded for not having the minimum 10 lines of text, which left 15 nonfellowship online PEM for analysis (Table 1) .
Primary Outcome. When analyzed together as a group (n ¼ 32) the mean (SD) of FKGL for all PEM related to regional anesthesia was 12.4 (2.9) compared with the recommended sixth-grade level (P < 0.001). For the primary outcome, FKGL for the fellowship group was 13.8 (2.9) vs 10.8 (2.0) for the nonfellowship group (P ¼ 0.002).
Secondary Outcomes. Fellowship-based PEM included 38.1 (32.0) sentences compared with 56.7 (37.2) for nonfellowship PEM (P ¼ 0.049). Fellowship-based PEM were rated higher on all other readability metrics compared with nonfellowship PEM ( Table 2 ). The number and proportion of Websites containing specific descriptive content elements are shown in Table 3 by group; fellowship-based PEM were less likely to include descriptions of block-related risks such as local anesthetic systemic toxicity (LAST) and potential collateral injury from an insensate extremity. 
Discussion
Currently available online PEM related to regional anesthesia for perioperative pain management are well above the AMA recommended reading level. Further, regional anesthesia PEM hosted on Websites from institutions with RAAPM fellowship programs are at a higher reading level than PEM offered by nonfellowship institutions. A closer evaluation of actual descriptive content within PEM shows that nonfellowship Websites tend to provide a greater quantity of information (number of sentences) and quality related to detailed discussion of potential risks when compared with fellowship programs' PEM.
Our findings are consistent with previous studies of PEM readability in other subspecialties of medicine [7, 8, [12] [13] [14] . This is concerning for several reasons. There is a nascent effort to improve the coordination of surgical care from the decision to pursue surgery through convalescence in the form of the Perioperative Surgical Home (PSH) [15] . A key tenet of the PSH model is patient centeredness [15] [16] [17] . To better engage patients in this process of surgical planning with shared decision making [18] , we must make available relevant health information that they can understand [2] . Unfortunately, and far too commonly, written materials for patients (e.g., online education, consent forms, surveys, and instructions) are written using language beyond their reading ability. This is even more troubling given that patients' actual reading ability may even be overestimated [19] .
The use of regional anesthesia techniques as part of multimodal perioperative pain management offers a variety of patient benefits and has therefore been integrated into many hospitals' clinical pathways [20] [21] [22] [23] . Given the emphasis on operating room efficiency on the day of surgery, posting PEM related to regional anesthesia online for patient to read in advance offers advantages from a systems perspective [6] . Patients can review online PEM prior to their in-person preoperative evaluations and have informed discussions with their anesthesiologists about the risks and benefits of regional anesthesia. Based on the present study, the availability of information related to regional anesthesia for perioperative pain management is limited and, when available, educational Websites are very difficult for patients to understand. As the RAAPM fellowship continues to make progress toward subspecialty accreditation [24] , it is surprising that over two-thirds of institutions that support an RAAPM fellowship lack dedicated regional anesthesia Websites offering PEM. Those institutions with an RAAPM fellowship that do provide online PEM do so at a level that is far beyond what is comprehensible to the average patient, with limited discussion of risks. The future leaders of this subspecialty will need to know the best strategies to convey regional anesthesia and acute pain management options to patients in a way that is "clear, understandable, and ethical," [25] and how to engage them in shared decision making [18] , especially when ability to read and choose these perioperative options can directly affect outcomes. Of the clinical outcomes from anesthesia that patients wish to avoid most, nausea and vomiting, gagging on the endotracheal tube, and pain rank in the top four [26] . Making information about regional anesthesia options and their positive effects on these patient preferences more widely available online can serve to inform and empower patients.
Our study has several limitations. Although we chose FKGL as our primary outcome measurement, we do not know which readability index is ideal for assessing PEM. Therefore, we assessed readability using other validated tests that demonstrate consistent results. In addition, we did not separately assess comprehension, which is not the same as readability, and there are specific and separate strategies for improving comprehension [18] . We also did not review non-English PEM or evaluate PEM for regional anesthesia in any other format besides written text, as the readability tests required this format. For some patients, the use of online multimedia combining text, animation, and video may facilitate the acquisition of anesthesia-related information compared with written information alone [12] . Based on this study alone, we cannot draw any conclusions regarding which patients try to access health information online, how they access it (i.e., which Websites they search or which search engine they prefer), and when patients choose to search for it, if they search at all, in relation to a planned date of surgery. Caution is warranted regarding the generalizability of the present study's results to all fellowship programs given the low percentage of fellowship programs with online written PEM. We speculate that many of these programs may provide patients with solely printed instructions in person through a preoperative preparation clinic, for example, and do not post similar materials online. Finally, we do not have enough evidence yet to make recommendations regarding how to best promote online PEM related to regional anesthesia for surgical patients.
Conclusions
In conclusion, in this era of patient-centered care, there is limited availability of web-based PEM related to regional anesthesia for perioperative pain management. Furthermore, regional anesthesia PEM, when available, are well above the AMA-recommended reading level with PEM from RAAPM fellowship programs having the highest required grade level for readability. Development of future PEM related to regional anesthesia and perioperative pain management should prioritize inclusion of evidence-based information written at an appropriate reading level to empower patients and help them fully participate in the informed consent process and their subsequent perioperative care.
